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Abstract 
 
The requirement of a minimum air flow rates in dwellings is new in the Spanish regulation. The value of the minimum air flow 
rate for each room of the dwelling depends on the type of room, its occupation or its dimensions. To achieve these air flow rates, 
in the houses built in the Basque Country, mechanical ventilation systems are installed, usually: simple flow with continuous 
extraction, hygrorregulated simple flow or double flow with heat recovery ventilation systems. 
 
The permeability of the envelope is a very important parameter, that must be cared for the correct performance of the ventilation 
system installed. This performance must be measured in terms of energy consumption, but also in terms of indoor air quality, 
because the objective of the ventilation system is to ensure an adequate indoor air quality. 
 
It has been analyzed the quality of indoor air and the energy consumption of a dwelling for the three systems of ventilation, and 
for three levels of permeability. The analysis of the indoor air quality has been done checking 15 contaminants. As conclusion, 
we can say that in the case of the two simple flow ventilation systems, the permeability affect mainly on the indoor air quality, 
but in the case of the double flow with heat recovery ventilation systems on the energy consumption. 
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1. Introduction 
 
The Spanish Technical Building Code (Código Técnico de la Edificación, CTE [1]), entered into force in 2007 
replacing the previous legislation for building construction [2]. Among other important changes, the new legislation 
includes the obligation to ventilate homes. In this sense, a minimum air flow rate in each room of the dwelling 
depending on its occupation and use was defined (table 1). 
 
Table 1. Required minimum ventilation air flow rates for each room (CTE). 
 
Room Required min. air flow rates Room Required min. air flow rates 
Bedrooms 
Living rooms 
5 [ l/s] per occupant - input flow 
3 [ l/s] per occupant - input flow 
Bathrooms 
Kitchens 
15 [ l/s] fixed - output flow 
2  [ l/(s·m2)] of effective surface - output flow 
 
In addition to the general ventilation of the dwelling, it is also defined a specific ventilation in the kitchen. The 
minimum must be 50 l/s, and it is achieved installing a range hood. While in Spain the ventilation standard is new, 
there is a great tradition in most European countries. The type of ventilation system installed differs between them 
[3]. In the case of Spain, and more specifically in the Basque Country region, three systems are usually installed [4]: 
simple flow system with continuous extraction (SF), simple flow systems controlled by relative humidity (Hygro) 
and double flow system with heat recovery (DF). Odriozola Maritorena et al. [5], measured the air flow rates in the 
first houses that were built in the Basque Country following the directives of the new CTE legislation. It was noted 
that almost all the analyzed apartments did not meet the requirements. When the installed system was a simple flow 
system, the dry rooms did not achieve the minimum air flow rates. The conclusion was that the cause of this lack in 
the new code compliance was due to infiltrations of air in the envelope of the building. Therefore, it is necessary to 
analyze what can happen with the indoor air quality and the energy consumption depending on the quality of the 
construction in terms of permeability. 
 
2. Objective 
 
The present study analyzes the influence of the permeability of the building envelope for both, the indoor air 
quality and the energy consumption, in the usual ventilation system types from Basque Country. 
 
3. Methodology 
 
The performance evaluation of one ventilation system should be done assessing both, the indoor air quality and 
the energy consumption. It should be clear that ventilation is necessary to maintain an optimal health conditions in 
residential buildings, but as a result, the heating demand is increased. 
The evaluation of the permeability effect has been done through simulation. The model has been defined in 
accordance with the reference values defined in the standard UNE EN ISO 15242 [6], see table 2. 
 
Table 2. Permeability reference values. 
 
Leakage  level Permeability at 4 Pa (m3/[m2·h]) 
Low 0.5 
Medium 1 
High 2 
. 
The in-situ tests have been done according to the standard UNE EN 13829 [7]. The average results are similar to 
the highest value of the table 2. Therefore, the values of the table 2 are taken to define the levels of comparison in 
the study. The sample for the modelling is an apartment so later described. The simulation model has been 
constructed by coupling of the TRNSYS and CONTAM transient modelling softwares. The apartment is defined 
using a multizone model, in which the air paths between each zone are defined, and the air flow rates between the 
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zones are calculated. In this way, it can be possible to taken into account the contaminant transport from one zone to 
other. In each room, the emission of pollutants based on the expected activity and occupancy values is defined. In 
addition, the emission of the building materials and the deposition of the particulate matter is considered [4]. As the 
apartment is located in Vitoria - Gasteiz, the values in contaminant concentrations to define city ambient 
contamination come from the measurements in the local air quality stations [8]. The analysis of the indoor air 
quality is carried out considering 15 contaminants [9]. Usually, the assessing of the indoor air quality is done taking 
into account only the evolution of the carbon dioxide and moisture, but it is not enough [10, 11]. The table 3 presents 
the contaminants used in the study of the indoor air quality, indicating in each case the concentration safety limits 
for both, long-term and short-term. The short-term analysis is used in the kitchen, in the rest of the rooms is used the 
long-term analysis. 
 
Table 3. Exposure concentration limit values for the analyzed contaminants: Long-term and short-term. 
Concentration limit [mg/m3] 
Group Contaminant 
Long-
Term 
Short-
Term 
Reference Group Contaminant 
Long-
Term 
Short-
Term 
Reference 
A Carbon dioxide 18296.7 18296.7 [9] 
C 
Ethyl benzene 18296.7 18296.7 [9] 
B 
Nitrogen dioxide 0.04 0.2 [12] Styrene 0.04 0.2 [12] 
Sulphur dioxide 0.02 0.5 [13] Toluene 0.02 0.5 [13] 
Carbon monoxide 7 35 [13] o - Xylene 7 35 [13] 
C 
Ozone 0.1 0.18 [14] Acetone 0.1 0.18 [14] 
Formaldehyde 
0.009 0.055 [14] 
D 
Particles 10 
um 
0.009 0.055 [14] 
Acetaldehyde 
0.14 0.47 [14]  Particles 2,5 
um 
0.14 0.47 [14] 
 
 
 
 
In accordance to their nature the contaminants are grouped, and the analysis is made considering the sum of the 
ratios between the contaminant concentrations and their respective safety limits, see equation (1). 
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The energetic study is carried out on the basis of the consumption of primary energy, this value is obtained from 
the final energy consumption by means of conversion factors, 1.07 for natural gas and 2.35  for electricity  [15]. 
 
4. Case of study 
 
The plant layout of the apartment used in the study is shown in Figure 1. It is composed of 3 bedrooms, a living 
room, a kitchen, a bathroom and a toilet. This is a typical configuration of an apartment in a multistory building 
from Basque Country region. The occupancy considered is four people: three adults and one child,  and  the 
schedules for places and moments when they are at home, including their metabolic activity are also defined [4]. 
The value of the thermal transmittance for the exterior walls is 0.55 W/m2·K. The transmittance for the windows 
is 2.70 W/m2·K, the solar gain value is 0.755 and the window percentage is 24%. The building is facing south. The 
efficiency of the boiler is 90%, and the heat is generated by a gas fired boiler. The sources of contaminants are 
metabolic and domestic activity of the occupants, house appliances, construction materials and outdoor  pollution 
[4]. The occupants have been defined as emitters of CO2 and water vapor, and the emission intensity depends of the 
schedule of their metabolic activity. The personal care, the care of the housing, the clothes washing and cooking are 
defined as domestic activities. It is also necessary considering the contaminants emitted by televisions and 
computers at home, and the emission of volatile organic compounds from building materials. On the other hand, the 
atmospheric contaminants are introduced by ventilation air. The results of the simulations are obtained using the 
exterior contaminants concentrations for Vitoria-Gasteiz during 2013 [8]; these data show an elevated
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concentration of particulate matter. In each room, walls, ceiling and floor acts as particle sink [4]; the intensity of the 
deposition depends on the materials and its orientation. 
 
 
Fig. 1. Plant layout of the apartment analyzed indicating each room type. 
 
5. Definition of the ventilation systems 
 
The minimum air flow rate required in each room is presented in table 4, as result of the CTE requirements that 
was previously shown in table 1. The sum of the admission air flow rates is lower than the sum of the extraction air 
flow rates, thus the balancing is carried out through the living room. Both, the simple flow system with continuous 
extraction and the double flow system with heat recovery, works continuously. The double flow system is provided 
by F7 filters in admission, and the efficiency of the heat recovery unit is considered 85%. In the case of the hygro- 
regulated ventilation system, the extraction air flow rate is regulated based on a relative humidity in the extraction 
rooms. In the admission rooms, the admission inlets modify their opening position depending on the relative 
humidity in these rooms. Thus, the air change rate increases or decreases depending on the needs of the dwelling 
[15]. 
 
Table 4. The minimum air flow rates according to the CTE per room. 
Room Minimum air flow [ l/s ]  Room Minimum air flow [ l/s ] 
Bedroom 1 5  Kitchen 16.4 
Bedroom 2 10  Bathroom 15 
Bedroom 3 5  WC 15 
Living – room 12    
 
6. Results 
 
 
Next, graphics of cumulative frequencies for the result expositions are used. The cumulative frequencies define 
the percentage of the time during which the value of the variable is less than a certain value. For the analysis of the 
concentration of the contaminants, the concentration of a room is considered only when the room is occupied. As 
expected, the air change rate increases when the permeability increases, although variation is not significant. In the 
case of the simple flow systems, with greater permeability, the air flow rate in admission rooms is lower. This is 
because as the permeability increases, the infiltration air that is passing in direction to the extraction rooms increases 
in detriment of the inlet air through admission rooms, see Figure 2. When the double flow systems are installed, the 
impulsion air flow rate is not affected for the permeability, because it is fixed by the ventilation system. Among the 
15 pollutants defined for the analysis of the indoor air quality, there are differences depending of its source, internal 
or external. In the case of internal source contaminants, and for the SF and Hygro systems, the reduction of the air 
flow rate increases their concentration, as can be seen in the cumulative frequency graphics of the CO2 concentration 
in figure 3(a) and 3(b). In the figure 3(c) can be seen that is not the case for the double flow ventilation system.
Room Surface (m2) Volume (m3) 
Bedroom 1 11,36 29,71 
Bedroom 2 16,21 41,10 
Bedroom 3 11,46 29,92 
Living room 28,02 71,67 
Kitchen 11,97 25,89 
WC 1 4,45 9,93 
WC 2 3,79 8,31 
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Fig. 2. Infiltration air flow rate in the Kitchen: a) SF system, b) Hygro system, and c) DF system. 
 
 
 
Fig. 3. The cumulative frequency of the concentration the carbon dioxide in the living-room: a) SF system, b) Hygro system, and c) DF system. 
 
 
 
 
 
Fig. 4. The cumulative frequency of the global IAQ index in the living-room: a) SF system, b) Hygro system, and c) DF system. 
 
On the other hand, the concentration of the contaminants from external source decreases when the air flow rate 
decreases. Anyway, the effect of permeability on the rest of contaminants is not as important as in the case of the 
concentration of carbon dioxide. If we consider the set of contaminants, there is hardly difference. This is because 
the increase of the concentration of the contaminants from internal source is compensated by the decrease of the 
contaminants from external source, see figures 4(a), 4(b) and 4(c). Regardless of the effect of permeability, the 
global indoor air quality index values are very high, exceeding the unit throughout the year. The effect of the  filters 
is remarkable. In the case of the kitchen, the concentrations of the contaminants are very high. It should be noted 
that the safety limits used for the analysis of the kitchen are the short-term values. A higher permeability means a 
higher infiltration air flow rate, so there is an increasing of the concentration of the external source contaminants, 
and a reduction of internal source contaminants. Anyway, the difference is very small. 
The permeability affects the primary energy consumption in all the ventilation systems considered, see table 5. 
However, whereas the effect in a double flow system is very important, the simple flow systems are hardly 
affected.  Taking as a reference a  low permeability level  and  comparing it  with  the high  level,  in  the case of the 
a) b) c) 
a) b) c) 
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simple flow ventilation systems the increase of the energy consumption is around 3%, where as in the case of the 
double flow ventilation system is over 30%. 
 
Table 5. The primary energy consumption of the heating system [kWh/(m2·year)]. 
 
SF 
Low  Medium High 
Hygro 
Low  Medium High 
DF 
Low  Medium High 
40.3 40.7 41.3 30.9 31.3 31.8 6,6 7,4 8,9 
 
7. Conclusions 
 
The effects of the permeability level are not the same for all the contaminants and ventilation systems considered. 
In the case of a simple flow ventilation system, the permeability affect the CO2 concentration inversely, whereas the 
effect in the concentration of the other contaminants is not very notable. For the double flow system the variation in 
the contaminant concentrations is not very notable in all the cases. In terms of energy consumption, the influence of 
the permeability on consumption has shown to be much greater for double flow systems than the SF and Hygro 
systems. For example, whereas a SF system increases its consumption around 3% between a low and high level of 
permeability, this increase in a DF system can mean a percentage difference ten times bigger. 
There is one additional factor affecting the performance of a ventilation system in function of the permeability: 
the distribution of the leakage along of the building envelope. In the present study, the permeability of the envelope 
has been distributed evenly over the outer wall of the apartment, whereas the rest of the envelope is airtight. This has 
been done assuming there is symmetry in the pressure field with respect to adjacent dwellings. The consideration of 
a permeability distribution profile along of the building envelope can be part of a subsequent study.. 
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